The enterotoxins produced by Aeromonas hydrophila were examined for biological activity by the rabbit ileal loop and suckling mouse assays, as well as by elongation of CHO cells. Antigenic evaluation of the culture filtrates from various isolates of A. hydrophila was performed by enzyme-linked immunosorbent assay with anti-cholera toxin and anti-Aeromonas enterotoxin. Heat stability data demonstrated the presence of a heat-labile cholera toxin cross-reactive factor and a heat stable non-cholera toxin cross-reactive enterotoxin. The biological activities of both enterotoxins were heat labile at 56°C for 20 min.
Aeromonas hydrophila has been recognized recently as a cause of human enteric disease in immunocompromised patients (19, 21, 22) , as well as in immunocompetent individuals (1, 5, 6, 10, 17) . Although the role of A. hydrophila as an enteric pathogen has not been proven conclusively, multiple virulence-associated biological activities, including enterotoxic, cytolytic, and proteolytic activities, have been detected in culture supernatants of Aeromonas isolates. Recent reports also have indicated the presence of a choleralike toxin (3, 12, 13, 18) . In the present study, we examined several isolates of A. hydrophila for presence of a noncholera toxin cross-reactive (non-CTC) enterotoxin and a cholera toxin cross-reactive (CTC) factor immunologically related to cholera toxin. In addition, the culture filtrates were examined for production of hemolysin and cytotoxin.
A total of 23 clinical isolates of A. hydrophila were cultured in Casamino Acids-yeast extract broth and incubated at 37°C with aeration (shaking at 100 rpm) for 36 h (3). The cells were harvested by centrifugation at 10,000 rpm for 30 min in a Sorvall RC2-B centrifuge. The cell-free supernatants were filter sterilized with 0.45-p.m (pore size) filters (Millipore Corp.) and used as test samples. The biological activity of the enterotoxin was tested by the rabbit intestinal loop (7) and suckling mouse (8) assay. An in vitro assay based on morphological changes of CHO cells was also used to detect enterotoxin (11) . A modification of the method of James et al. (13) was used to determine hemolytic activity of the culture filtrates of Aeromonas isolates. Hemolytic units were defined as the reciprocal of the highest dilution of hemolysin demonstrating 50% erythrocyte lysis.
Antiserum against cholera toxin was raised in rabbits and affinity purified by passing through a Sepharose CL-4B column to which the B subunit of cholera toxin (purchased from List Biological Laboratories, Inc.) was coupled. Initially, the presence of enterotoxin antigen in culture filtrate of an isolate of A. hydrophila (SSU) was detected with anti-cholera toxin in an enzyme-linked immunosorbent assay (ELISA), and this enterotoxin was termed CTC factor by Campbell and Houston in 1985 (3) . We separated this CTC factor from the hemolysin and cytotoxin by passing the 20 to 60% (NH42504-precipitated proteins of the culture filtrate through a hydrophobic column of phenyl Sepharose followed by affinity chromatography with Sepharose CL-4B coupled with cholera toxin B subunit antibodies (unpublished data). Antibodies produced in rabbits against the isolated CTC factor reacted immunologically with pure cholera toxin and demonstrated specificity for an enterotoxin which did not react with cholera antitoxin. This particular non-CTC enterotoxin caused fluid accumulation in rabbit ileal loops and was isolated when 50 to 70% (NH42S04-precipitated proteins from A. hydrophila SSU culture filtrates were eluted from a phenyl Sepharose hydrophobic column with an (NH4)2SO4 gradient. Our data suggested that the antibodies raised to CTC factor were directed not only against the CTC factor but also to non-CTC enterotoxin.
The method of Voller et al. (20) as modified by Campbell and Houston (3) was used to evaluate the antigenic nature of the Aeromonas non-CTC enterotoxin and CTC factor. Antibodies raised in rabbits to the isolated CTC factor and to the B subunit of cholera toxin were used in the second step of the ELISA.
Toxin samples were neutralized by mixing with double volumes of anti-cholera toxin, anti-CTC factor, or phosphate-buffered saline alone and incubated at 37°C for 1 h and subsequently at 4°C overnight. Twenty microliters of each mixture was examined in the CHO cell assay.
Of 23 isolates of A. hydrophila, 11 possessed enterotoxic activity as indicated by a positive rabbit ileal loop reaction. Three isolates, 23210, 9071, and 26-80, elicited a positive response in rabbit loops but not in the suckling mouse assay (Table 1) . Isolates 2799 and SSU from a wound infection and from a patient with diarrhea, respectively, were positive in all six rabbit loops and demonstrated a positive response in the suckling mouse assay. Of the 23 isolates of A. hydrophila, 8 demonstrated a positive response in both the rabbit ileal loop and suckling mouse assays, and another 11 isolates were positive only in the suckling mouse assay (Table 1) .
A. hydrophila isolates may produce two different enterotoxins, one of which has a greater specificity for one assay system than the other. Perhaps one group of isolates produced an enterotoxin which was active in both the (SSU and SP-715) elicited strongly positive reactions in the ELISA with the anti-B subunit of cholera toxin and antiAeromonas enterotoxin ( Table 1 ). The culture filtrates from these two isolates caused fluid accumulation in the rabbit ileal loop and suckling mouse tests. However, with filtrates from isolate 9071, only the homologous antibodies could detect Aeromonas enterotoxin in the ELISA. This was true for some other isolates as well; however, the ELISA values were low. Isolate 9071 was positive in the rabbit ileal loop but not in the suckling mouse test. Our data suggest that A. hydrophila isolates produced a CTC factor, as well as non-CTC enterotoxin, both of which caused fluid accumulation. Our data are supported further by the fact that strain AH2 (4), provided to us by G. Stelma, produced only a non-CTC enterotoxin as determined in our laboratory by ELISA (data not shown). This suggests that there can be variability from isolate to isolate with regard to production of CTC factor and non-CTC enterotoxin. Our data demonstrated that the CTC factor was immunologically heat labile at 56°C for 20 min (when tested with anti-B subunit of cholera toxin [data not shown]), whereas the non-CTC enterotoxin antigen was heat stable at 100°C for 20 min (Table 2 ). Our heat stability data suggest that the CTC factor is antigenically different from non-CTC enterotoxin produced by Aeromonas isolates. However, the possibility that the CTC factor and non-CTC enterotoxin are one molecule, with a heat-labile CTC factor antigenic determinant site and a heat-stable non-CTC enterotoxin region, cannot be overlooked.
The enterotoxic activity of the culture filtrates of two selected hemolysin-and cytotoxin-negative isolates of A. hydrophila (5 and 2799) was neutralized by immune anticholera toxin antiserum and by anti-Aeromonas enterotoxin as indicated by no morphological changes in CHO cells. Also, the hemolytic and cytotoxic activities of A. hydrophila isolates were not neutralized by cholera antitoxin or antiAeromonas enterotoxin.
In conclusion, our data suggested that A. hydrophila isolates are capable of synthesizing an enterotoxin that does not cross-react with cholera toxin, as well as a CTC factor. In addition, these isolates produced hemolysin and cytotoxin. Finally, there appeared to be variation among the isolates in terms of production of the previously described enterotoxins. Work with regard to purification and characterization of the CTC factor and the Aeromonas non-CTC enterotoxin presently is being conducted in our laboratory and will be helpful in elucidating the role of Aeromonas in the pathogenicity of disease. 
